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Part A — Common Questions 


Question 1 [6 marks| 
The first table below shows the alcohol level y in a fermentation vessel as function, /, 
of time ¢ (in hours). The second table shows the mass of yeast cells z as function, g, of the 


alcohol level y 


t /10 20 30 40 50 
y/2 4 8 14 id 


y/2 4 6 8 10 12 


-z | 30 60 90 120 130 135 140 


(a) Write out the table for the composite function that describes the mass of yeast z as 


function of time t. 


(b) Does either of the functions f and g have an inverse? 
If the function has an inverse, write out its table. 


If the function does not have an inverse, explain why not. 


Question 2 [8 marks| 
(a) Sketch the graph of the function y = 3x — 3, showing the x and y intercepts. 
(b) Find the coordinates of the vertex of the parabola, which is the graph of y = 2x? + 
2x” — 24. Does the vertex correspoud to a maximum or a minimum? 
Question 3 [8 marks| 
(a) Find e?!™? and In(e!/3). 
(b) Solve the following equations. 


5 | 
(2) pr 3=2r+2 (it) |2|-9=0 (it) Dow ee A 
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Question 4 [8 marks| 


(a) Find the derivatives of the functions given by the following formule, stating any rule 


of differentiation used. 


xr— 1 
r+1 


(i) y=a2*cosz (it) y= (iii) y = In(x* +1). 


(b) Find and classify the stationary points of the function 


i 


f(z) = aL 


Question 5 [8 marks| 


(a) Compute the following integrals: 


3 1 
3 
(i) | (: —fxt+ ae 73 — 3)da 
n [2 
(ii) / cos(3x) dx 
0 


1 
(iii) | e7 de 
J 0 


(b) Calculate the area enclosed by the graph of the function given by y = x° — 327 + Qr 


and the x-axis between 2, = 0 and xv = 1. 


Question 6 [8 marks| 
Of Of Of Of O* f 


a) Compute the first and second order partial derivatives —, —, —-=, and ——~ 
2) : Ox’ Oy Ox* Oxdy Oy? 


for f(x,y) = 2° + 32° — Gry + 3y*? — 12y4+1. 


(b) Verify that this function has stationary points at (2,4) and (—2,0). Use the second 


derivative test to determine the type of these stationary points. 


Question 7 | (6 marks| 
0 1 : i 

Given the matrices A = |2 3] and B= ; i 
0 0 a 
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(a) Which of the products AB and BA are defined? Compute those products that are 


defined and explain why the others are not defined. 


(b) Compute the determinant of B. Decide if B~! exists. Justify your answer. 
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Part B — Science Stream 


Question 8 [8 marks] 


The three-month life-cycle of a certain insect species is described by the Leslie matrix 


0 60 0 
L=j04 0 0O 
0 0.5 O 


where the three-month life-cycle is divided into periods of one month’s duration. 


(a) What is the expected number of offsprings produced by each msect aged less than 
one month? What percentage of the insects aged less than one month is expected to 


survive another month? 


(b) The population of insects consists of 1000 individuals aged between 0 and 1 month, 
2000 aged between 1 and 2 months and 200 aged between 2 and 3 months. What is 


the expected population vector for this community one month after this date? 


(c) Compute the matrix L? and the population vector two months after the initial count. 


Question 9 [10 marks) 


(a) The logistic differential equation 


is often used to model the growth of a population with relative growth rate k and 
carrying capacity L. The solution is given 

LA 
where the parameter A can be determined by y(0). A population of blue whales is 


modelled by the logistic equation 


d: a 
" = 4 x 10~*y(200, 000 — y), 


where t is the time measured in years (after 1972), 
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(i) Find the two steady state solutions of this logistic model. 
(ii) Find LZ, k and A, assuming that y(0) = 500. 


(iii) At what time ¢ will the population reach 100,000 (assuming the same initial 
population y(0) = 500)? 


d 
(b) Solve the differential equation y? = 


‘ 9 
— = 32%. 
x 
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Part C — Economics Stream 


Question 10 [4 marks| 
Over a five-year period, an original principal of $2000 grew to to $2950 in an account in 
which interest was compounded quarterly. Determine the effective rate of interest, rounded 


to two decimal places. 


Question 11 [4 marks| 
Mrs Jefferson purchased a car for $29,990. Find the value of the car after 5 years, assuming 
that it deprecates by 10% annually during the first, second and third year and by 8% during 
the fourth and fifth year. 


Question 12 [4 marks| 
A company manufactures three types of patio furniture: chairs, rockers and chaises 


longues. Each requires wood, plastic, and aluminium as shown in the following table: 


Aluminium 


The company has available 400 units of wood, 500 units of plastic, and 1450 units of 


aluminium. Chairs, rockers, and chaises longues sell for $21, $24, and $36 each, respectively. 
Express this as a linear optimisation problem in order to maximise the total profit assuming 


that all the furniture can be sold. 


Question 13 [6 marks| 


(a) The total cost of manufacturing 10 units of a certain product is $800 and the cost 
of manufacturing 100 units is $3500. Find the cost function c(x), assuming a linear 


model. 


(b) The demand equation of the same product is p = 20e77/°, where x units are sold at 


a price of p dollars each. Find the marginal profit function. 
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